The diversity of avian populations in the Madre de Dios region of Peru is currently threatened by deforestation and other anthropogenic factors. In this study we assessed differences in bird species composition in two major types of tropical forests: floodplain and terra-firme forest. Abundance of groups of behaviourally similar species showed a higher presence of certain feeding guilds in either floodplain forests or terra-firme forest, whereas no difference in species richness was found. Analysis of the relative reproductive investment (RRI) of these tropical birds showed significant differences between habitats and among families and feeding guilds. Comparison of these families and feeding guilds to their relatives in temperate regions showed that neotropical birds have a smaller RRI, due to both smaller clutch sizes and lower egg mass, even when there are more broods per season. Quantification of RRI as used in this study can be useful to indicate bird species' susceptibility to anthropogenic factors in various habitats.
Introduction
Deforestation and many other anthropogenic factors currently threaten tropical rainforests, the richest terrestrial ecosystem on the planet [1, 2] . Human activities affect the ecological integrity of the forest by changing carbon storage, river flow, water balance, and even the amelioration of infectious diseases [2] [3] [4] . Tropical rainforests consist of various habitats, including terra-firme forest and floodplain forest, which are affected differently by anthropogenic factors [5] [6] [7] . Different land access and use of oligotrophic terra-firme forest has resulted in dissimilar trophic cascades and human activities compared to eutrophic floodplain forests. As rainforests are one of the most biodiverse habitats on the planet, many different species are affected by these anthropogenic factors [2] . Among these are around four thousand species of birds that play important roles in the various habitats as top predators, pollinators, and seed dispersers [8] . Species composition of avian populations is likely to differ between terra-firme forest and floodplain forest, and despite studies in both terra-firme forest and floodplain forest, the differences in avian populations between these habitats are still poorly understood. This novel research assesses some of these differences [9] [10] [11] [12] .
The terra-firme forest is rainforest that is not inundated or flooded by rivers and is characteristic of upland forests. These forests are noticeably taller and more diverse (>400 tree species/hectare in some areas) than floodplain forest. They are found only on dry, welldrained soils and are characterized by many tropical hardwood trees [13] . Moreover, the tall Amazonian terra-firme forests enhance a larger vertical stratification within the bird community, where species of the different layers are more likely to forage in their respective storeys and thus in narrower strata [14] .
Floodplain forests, on the other hand, are flooded seasonally and have relatively rich soils from the annual replenishment of nutrients from white-water rivers. In the Amazon, vast areas of such rainforests can be found. Floodplain forests, especially those located on river banks and islands, are often short-lived due to the meandering nature of tropical lowland 
Distribution of avian populations using mist-netting
Eighteen sites with either floodplain or terra-firme forest were studied (Appendix 1), six of which are located within the protected area complex of the Tambopata National Reserve and Bahuaja Sonene National Park. Each site sampled with mist-nets covers a representative area of about 2,500 ha.
Birds were sampled by using mist-nets, which was justified as it allows similar and simultaneous sampling of various sites. Three mist-nets (each 12 m long, 3.5 m high, 5 shelves, and mesh size 36 mm) were placed consecutively (in a straight line) to provide a total net length of 36 m per sample point. At each site, sample points were located 50-300 m (mean 200 m) apart, for a total of 3-42 points per site. Sampling was spread over a five-year period (2009) (2010) (2011) (2012) (2013) (2014) , with 3-73 sample days per site. Intervals when no data was collected varied among sample periods at sites, and some sites were only sampled once during the aforementioned five-year period. During a mist-net operation at a site, nets were opened at three sample points simultaneously for the first few hours after dawn for three days. Nettingdays were not always consecutive, due to weather conditions (sampling did not occur on rainy or very windy days). Open mist-nets were checked at least every half hour, and all captured birds, with the exception of hummingbirds, were banded with a numbered ring. After banding, female birds (based on plumage, cloacal protuberance and brood patch) were weighed. New captures and recaptures were recorded, although recaptures on the same day were released immediately.
Mist-nets focus on understory birds, but do not sample birds randomly [19] [20] [21] [22] . As the effectiveness of mist-nets differs among different species, in this study only the capture rates of groups of behaviourally similar species were compared [19] [20] [21] . Therefore birds were
The floodplain forest has fewer species at comparable levels of sample accumulation. The number of species at 64 pooled samples (the maximum sample size of terra-firme forest) was 118 and 109.4 species for terra-firme forests and floodplain forest respectively. Accordingly, the observed species accumulation curve of the floodplain forest was within the 95% confidence intervals of the corresponding species accumulation curve of terra-firme forest, indicating no significant difference in species richness between floodplain forest and terrafirme forest. More samples were taken from floodplain forests, with more observed species than in terrafirme forest (Table 1) . Non-parametric species richness estimators for incidence and abundance data estimated the species richness of the two habitats ( Table 1 ). The differences between the highest and lowest species estimators were 71.47 for floodplain forest (n=353), 47.11 for floodplain forest (n=64) and 42.29 for terra-firme forest.
A total of 90 unique bird species were present in floodplain forest, and 20 unique species in terra-firme forest; 98 species were present in both habitats. Of course, a higher species richness in floodplain forest was found due to the greater number of samples; at the maximum sample size of terra-firme forest (n=64), species richness of almost all estimators, except for Chao 2, were higher in terra-firme forest. Diversity estimators were higher in terra-firme forest at all sample sizes ( Table 1) .
Estimation of preference of various bird species for specific habitats occurred by comparing abundance data in floodplain and terra-firme forests. Habitat associations were detected in 60 species (Appendix 4), chi-square tests showed that 30 species preferred floodplain forest and 30 terra-firme forest.
Preferences of certain feeding guilds for floodplain forest and terra-firme forest were estimated: solitary frugivore-insectivores (FP=3; TF=0) and mixed species flock insectivores (FP=7; TF=3) had more habitat specialists present in floodplain forest. Habitat specialists of solitary insectivores (FP=4; TF=17) preferred terra-firme forest. TF FP TF FP TF FP TF FP TF FP TF FP TF FP TF   AA  F  FI  I  IF  MFI  N Abundances for the various feeding guilds per 1,000 mist-net hours ( Fig. 3 ) showed significant differences among certain guilds. Significantly more present in floodplain forests were frugivores (Independent t-test, P=0.005) and insectivore-frugivores (Independent t-test, P=0.002), and a trend was shown by army-ant followers (Independent t-test, P=0.053). An opposite trend was found with insectivores (Independent t-test, P=0.072), which were more abundant in terra-firme forests.
Life-history traits of tropical bird populations
Average values of the specific life-history traits used to calculate the relative reproductive investment (RRI) have been estimated for the species in various families and feeding guilds ( Table 2 ; Appendix 5 & 6). Feeding guilds based on classification in Henriques et al. [16] . AA = army ant followers, F = solitary frugivores, FI = solitary frugivore-insectivores, I = solitary insectivores, IF = solitary insectivore-frugivores, MFI = mixed species insectivore flocks, MFIF = mixed species insectivore-frugivore flocks, N = nectarivores, SVLI = small vertebrates and large insects.
Birds of different feeding guilds in the tropics all had similar clutch sizes and number of broods per season, so the difference in RRI was the result of egg and female body mass. For nectarivores, mostly hummingbirds, egg mass and female body mass were small. For frugivores these values were higher than in insectivores, resulting in an average lower RRI for frugivores than for insectivores ( RRI among bird species with a preference for floodplain forest or terra-firme forest within feeding guilds was compared ( Table 3 ). Only frugivores showed a significant higher RRI in floodplain forest compared to similar species in terra-firme forest (P=0.016; independent ttest) ( Table 3 ). For comparison of life-history traits and RRI between the tropical and temperate region, families and feeding guilds present in both regions were compared (Table  4 ). Life-history data in the tropical regions and in the temperate regions could be found only for the families presented in table 4. For Emberizidae and Turdidae, a significant (P<0.05; independent t-test) difference between species in the tropics and temperate regions was found. In both families, species in the temperate regions have a higher RRI than related species in the tropics ( Table 4 ).
Comparison of feeding guilds resulted in a significant difference between temperate and tropical regions for all insectivore-guilds: the RRI-value was higher in the temperate regions for insectivores, insectivore-frugivores, and mixed species flock insectivores. Other feeding guilds did not show a significant different RRI-value between these regions ( Table 4 ). Army ant followers and nectarivores were not present in temperate regions. The basic life-history traits in the significantly different RRIs for families and feeding guilds showed that in all situations temperate clutches were larger and number of clutches hardly differed in Emberizidae and Turdidae, but was lower in temperate insectivores and insectivore-frugivores and higher in mixed species flock insectivores. Egg mass was lower in the tropics in all insectivorous feeding guilds and Emberizidae, but not in Turdidae where female body masses were much higher ( Table 5 ).
Discussion
The variation in distribution of all tropical bird species in the Madre de Dios region might be due to specific abiotic factors within the floodplain and terra-firme forest. Although no significant difference was found in species richness and diversity, a trend suggested that these estimators were higher in terra-firme forest. This is in line with the idea that there is more stratification in terra-firme forest, as trees are taller, and more diversity and density of trees create more available niches for various bird species [13] . On the other hand, for most feeding guilds numbers are higher in the floodplain forest, so productivity may be higher there than in terra-firme forest ( Fig. 3 ). Habitat associations were found for a large number of species that preferred either floodplain or terra-firme forest. Frugivore-insectivores and mixed species flock insectivores had more habitat specialists in floodplain forest, whereas insectivores had more in terra-firme forest. Comparison of total avian populations where division was based on feeding guilds showed a higher abundance of frugivores and insectivorefrugivores in floodplain forests, possibly because there is more flowering and fruiting of plants in floodplain forests [17] , although for nectarivores no difference was found. Solitary insectivores, on the contrary, preferred terra-firme forests where the high diversity of trees is a source for a wide variety of insects [13] .
Abundance of specific bird populations in habitats indicates an important role for different food availability in terra-firme and floodplain forest. Munn and Terborgh [17] and Henriques et al. [16] already suggested that insectivores were likely to be more abundant in terra-firme forest and frugivores more abundant in floodplain forest. This study supports those suggestions, with these specific feeding guilds being more abundant in their respective habitats. These habitats are threatened by deforestation, which increases fragmentation of areas and is detrimental to various bird species [27] . According to Gray et al. [10] insectivores and frugivores are the feeding guilds most prone to forest disturbance. As terra-firme and floodplain forests are severely reduced by deforestation in the Amazon, abundance of these feeding guilds is likely to decrease, affecting both trophic organization and ecological functioning of these areas. This ecological study was a pilot, as for certain species only trends Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org 475 have become visible a larger scale study might more precisely determine species composition within these habitats. Such future research could also include monitoring of food availability within these habitats to define habitat-feeding guild relationships with more power.
Comparison of the values for life-history traits, especially the RRI, among the various feeding guilds within the tropics showed differences, as frugivores had a relatively low relative reproductive investment compared to insectivores. Significant differences in RRI were found not only among feeding guilds but also among families, resulting in different tactics of reproduction and survival of these avian populations.
Floodplain forests are fast-changing habitats for tropical birds due to flooding, biomass deposition from rivers, and secondary growth of the forest. These conditions seemed to lead to a higher RRI-value, as has been reported for frugivores, than for similar species in terrafirme forest. Other feeding guilds showed a similar trend, but due to lack of values of lifehistory traits for a number of species, numbers were quite low to base a conclusion on. The increased RRI in floodplain forest compared to terra-firme forest indicates a shift in the balance of reproduction and survival towards higher reproduction, made possible by the more nutrient-rich conditions in the floodplains, probably compensating for a higher risk of loss of either broods or higher juvenile and/or adult mortality due to flooding, for instance. Neotropical families of birds, especially those with low RRI, are more prone to deforestation and other environmental changes as these species do not easily compensate for increased adult mortality. Species composition of avian populations in terra-firme forests consists of birds with a relatively low relative reproductive investment, which are more susceptible to these anthropogenic impacts from, for example, deforestation.
It has been long recognized that tropical birds differ fundamentally from temperate zone birds in their life-history traits. Tropical birds have high nest predation, high adult survival, and small clutch sizes [28, 29] . Various other studies have questioned the validity of these differences [30, 31] . This study showed that the RRI for comparable groups of behaviourally similar species is in most cases higher for species in the temperate regions than in the tropical regions. Significant differences were found between Emberizidae and Turdidae and insectivorous feeding guilds, in all of which the RRI was higher in the temperate species. As nest predation is high in tropical birds, these species invest less in offspring, resulting in a lower RRI; they may therefore have lower adult mortality and can spread the risks of failed broods over a longer time. In other words one may state that spring in the temperate regions gives the possibility of an increased investment in reproduction, due to its increased biomass production. The downside being the increased risk of either surviving winter or facing the costs and risks of migration.
Tropical birds have smaller clutches than temperate zone birds, which is in line with other studies [32, 33] . Larger clutch sizes have reduced food delivery, higher predation risk, and lower juvenile recruitment. In temperate regions, the food limitation hypothesis suggests that daylength in temperate regions allows these birds to gather more food to sustain larger clutches [34] . Growth rate in the tropics is slower [35] and food delivery rates are low [36] .
Most tropical birds will renest after a first brood failure or have multiple broods per season, especially as in the tropics a relatively high nest predation is present as about 80% of the nests are lost to predators [29, 36] . This number is so high because there is a large number and Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org 476 diversity of nest predators in the tropics [32, 37] . Tropical birds seem to invest less in their offspring, as the egg mass of tropical species is lower compared to temperate species. Female body mass as such varies extremely, without clear patterns. Because tropical birds have a lower RRI and invest less in their offspring due to higher predation risk, food limitation, and spreading the risk over the years, their naturally higher adult survival renders them extra vulnerable to increased adult mortality from anthropogenic influences. 
Implications for conservation
Understanding distribution differences of behaviourally similar species among tropical forest types is important for identifying bird species prone to anthropogenic factors, as these forests are currently subjected to deforestation and fragmentation. The results in this study show specific foraging groups to be more abundantly present in either terra-firme or floodplain forests (Fig. 4) . The species-specific life-history traits of these birds show that the relative reproductive effort is lower in terra-firme forest species. Which means that birds here invest less in reproduction and more in adult survival, these birds cannot compensate for the high adult mortality caused by deforestation, whereas floodplain forest species invest more in reproduction and can better cope with such anthropogenic factors. These values for A B C D distribution and relative reproductive investment are important in understanding the differences in the ability of birds to cope with environmental changes and is therefore advised to be used in conservation activities.
Appendix 1
Classification of sites with terra-firme forest or floodplain forest (X indicates presence of forest type at location 
Appendix 2
Guild classification of captured bird species in Madre de Dios region, Peru based on Henriques et al. [16] , Wunderle et al. [14] and Schulenberg et al. [23] . Lifehistory traits (average clutch size, number of broods per season, egg mass and female body mass) for estimation of the relative reproductive investment (RRI) based on Jetzt et al. [38] , Del Hoyo et al. [39] , Schönwetter and Meise [40] and field-data.
Species [1] English name [ [1] Species and English names based on Schulenberg et al. [23] and Del Hoyo et al. [39] . [a] Feeding guild: AA= army ant follower, F= solitary frugivore, FI= solitary frugivore-insectivore, I= solitary insectivore, IF= solitary insectivore-frugivore, MFI= mixed species insectivore flocks, MFIF= mixed species insectivore-frugivore flocks, N= nectarivore, SVLI= small vertebrates and large insects.
Appendix 3
Guild classification and life-history traits (average clutch size, number of broods per season, egg mass and female body mass) of West-European birds for estimation of the relative reproductive investment (RRI) based on Del Hoyo et al. [39] and field-data. Species [1] English name [ [1] Species and English names based on Del Hoyo et al. [39] . [a] Feeding guild: F= solitary frugivore, FI= solitary frugivore-insectivore, I= solitary insectivore, IF= solitary insectivore-frugivore, MFI= mixed species insectivore flocks, MFIF= mixed species insectivore-frugivore flocks, SVLI= small vertebrates and large insects. [1] Species and English names based on Schulenberg et al. [23] and Del Hoyo et al. [39] . [a] Feeding guild based on classification in Henriques et al. [16] . AA = army ant follower, F = solitary frugivore, FI = solitary frugivore-insectivore, I = solitary insectivore, IF = solitary insectivore-frugivore, MFI = mixed species insectivore flocks, N = nectarivore, SVLI = small vertebrates and large insects. 
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